Membrane lipid polyunsaturation mediated by FATTY ACID DESATURASE 2 (FAD2) is involved in endoplasmic reticulum stress tolerance in Arabidopsis thaliana.
Unsaturation of membrane glycerolipid classes at their hydrophobic fatty acid tails critically affects the physical nature of the lipid molecule. In Arabidopsis thaliana, 7 fatty acid desaturases (FADs) differently desaturate each glycerolipid class in plastids and the endoplasmic reticulum (ER). Here, we showed that polyunsaturation of ER glycerolipids is required for the ER stress response. Through systematic screening of FAD mutants, we found that a mutant of FAD2 resulted in a hypersensitive response to tunicamycin, a chemical inducer of ER stress. FAD2 converts oleic acid to linoleic acid of the fatty acyl groups of ER-synthesized phospholipids. Our functional in vivo reporter assay revealed the ER localization and distinct tissue-specific expression patterns of FAD2. Moreover, glycerolipid profiling of both mutants and overexpressors of FAD2 under tunicamycin-induced ER stress conditions, along with phenotypic screening of the mutants of the FAD family, suggested that the ratio of monounsaturated fatty acids to polyunsaturated fatty acids, particularly 18:1 to 18:2 species, may be an important factor in allowing the ER membrane to cope with ER stress. Therefore, our results suggest that membrane lipid polyunsaturation mediated by FAD2 is involved in ER stress tolerance in Arabidopsis.